complex. Traditional coronary risk factors such as hyperlipidemia, smoking, hypertension, diabetes, and alcohol have been implicated, but cannot fully explain the increased risk of cardiovascular disease (CVD) in this population. 8, 9 AS-related parameters such as disease severity and disease duration, and other associated emerging risk factors such as circulating endothelial cells, inflammation, endothelial dysfunction, subclinical atherosclerosis may also contribute to the impairment of arterial function in AS. The relative importance of these risk factors in the induction of vascular dysfunction in AS patients has not been well studied previously. The aim of our study was to investigate EPC population and its association with disease-related parameters and proven markers of atherosclerosis, without any known traditional cardiovascular risk factor in AS patients.
Materials and Methods

Subjects
A total of 30 patients (age range: 26-55 years) with previously diagnosed AS were consecutively recruited from the Rheumatology Outpatient Clinic and 25 (age range: 23-52 years) age-and sex-matched healthy controls were recruited. Diagnosis of AS was defined according to the 1984 modified New York diagnostic criteria. 10 All patients were on a combination of nonsteroidal anti-inflammatory drugs (mostly etoricoxib or piroxicam) and a stable dose of sulfasalazine 1 to 3 g/day for at least 3 months before study enrollment.
Patients were excluded from the study if they had a history of hypertension, hypercholesterolemia, diabetes, smoking, alcoholic, chronic liver and renal insufficiency, coronary artery diseases, stroke, thyroid disorder, multiple sclerosis, human immunodeficiency virus, and psychiatric disorders. Patients taking medication likely to affect endothelial function (anti-TNF-α inhibitors, β -blockers, an angiotensin-converting enzyme inhibitor, angiotensin-receptor blocker, statins and aldosterone antagonist, peroxisome proliferator-activated receptor, and steroids) were also excluded from the study. Patients were also excluded if they had rheumatic disorders other than AS. The study was performed in accordance with the Declaration of Helsinki, and approval was obtained from the Institutional Clinical Ethics Committee (ICEC) (ICEC/16/2012). All participants gave written informed consent for participation in the study.
Risk Factor Assessment
All participants underwent a medical history concerning disease, cardiovascular risk factors and general use of medications. A physical examination was then performed including measurement of blood pressure (sustained elevation of ! 140 mm Hg in the systolic pressure or ! 90 mm Hg in the diastolic pressure was considered as hypertension), height, and weight. Body mass index (BMI) was calculated as weight/height2 (kg/m 2 ). Patients who had stopped smoking during the last 12 months before the study were defined as nonsmokers.
All patients underwent a clinical and biochemical assessment at the time of recruitment. All clinical, biochemical, and vascular assessment (FMD, CIMT, and EPC) were performed after overnight fasting on the same day of recruitment from the same blood sample.
Clinical and Biochemical Assessment
Clinical assessment included disease severity which was evaluated by use of the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI). By definition, a BASDAI score ! 4 was considered an active disease. Functional ability was monitored by using Bath Ankylosing Spondylitis Functional Index (BASFI). The biochemical analysis included a complete blood count, liver function tests, renal function test, vitamin B 12, thyroid stimulating hormone, serum fasting glucose, lipid profile, including serum total cholesterol levels, serum triglyceride levels, low-density lipoprotein cholesterol, and high-density lipoprotein cholesterol were analyzed. Inflammatory markers, that is, the erythrocyte sedimentation rate (ESR), were measured using the Westergren method and C-reactive protein (CRP) measured using turbidimetry method and urine analysis to detect proteinuria, hematuria, and cellular casts were determined.
Vascular Measurements
All vascular studies were performed early in the morning with the subjects fasting for at least 12 hours before the study. They were kept in the supine position in a quiet, air-conditioned room (constant temperature 22-25°C) throughout the study. All studies were performed by the same operator in blinded conditions as to presence/absence of rheumatologic disease and ongoing treatment schedules.
Assessment of Endothelial Function
Subjects were studied in the morning, after overnight fasting, in a quiet room with controlled temperature. With the subjects lying supine and their arms in a comfortable position, we assessed endothelial function by brachial artery flow-mediated dilatation (FMD) by using, AngioDefender (Everist Genomics, Ann Arbor, MI). The AngioDefender device uses a novel, proprietary software algorithm to analyze pulse wave data collected before and after brachial artery (BA) occlusion by an upper arm sphygmomanometric cuff. At the end, of the testing procedure ($15 minutes), the maximal relative postocclusion change in the diameter of the BA relative to baseline is calculated and expressed as a percentage of FMD (%FMD). AngioDefender test results are not dependent on user technique or operator proficiency. 11 The mean of the two measures was considered for analysis. The intra-and interobserver variability had the coefficient of variations as 1.50 and 2.25%, respectively, for the measurements of FMD.
Assessment of Carotid Intima-Media Thickness
All subjects were examined using a high-resolution Doppler ultrasound (HD 11 XE ultrasound machine, Philips Medical System, Sorrento, Italy) using a 13 to 5-MHz linear array transducer in the supine position. The common carotid arteries (CCAs) intima-media thickness (IMT) was defined as the average of the maximum IMT of the near and far wall measurements in the distal CCA (1 cm proximal to the carotid bulb). IMT was measured at three points on the far walls of both the left and right CCAs. The three locations were then averaged to produce the mean IMT for each side. All images of the CCAs were recorded on the hard disk of the ultrasound system for subsequent analysis and evaluated by a wellexperienced radiologist who was blinded to the clinical characteristics of the participants. 12 The subjects had fasted overnight, and they were studied in the morning between 9 and 11 AM. The intra-and interobserver variability had the coefficient of variations as 2.05 and 2.65%, respectively, for measurements of CIMT.
Assessment of EPC Population through Flow Cytometry Analysis
After patients and control subjects fasted overnight, peripheral blood was taken at rest, in the morning, at the forearm, together with routine analysis. EPCs were quantified by fluorescence-activated cell sorting (FACS) calibur flow cytometer (Canto II; BD Biosciences, San Jose, CA). FACS analysis was performed with utilization of the following three markers:
Peripheral blood in EDTA (200 μL) was labeled with a panel of above-mentioned antibodies and incubated for 1 hour at room temperature. After conjugation, red blood cells were lysed with ammonium chloride for 15 minutes at room temperature. Thereafter, cells were washed and resuspended in 500 μL phosphate buffered saline. The appropriate sequential analysis was used to enumerate total EPCs and to exclude debris. Putative EPCs were defined as positive for anti-CD34 and anti-CD133. At least 250,000 cells per sample were acquired. Data were analyzed with Cell Quest software (Becton Dickinson, San Jose, CA). Results are expressed as a percentage of cells gated.
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Statistical Analysis
Data are expressed as (arithmetic) means AE standard deviation. Comparison between the two groups (patients with AS vs. controls) was performed using unpaired Student t-test. The Mann-Whitney U test was performed for comparison of not normally distributed parameters and chi-square tests, as applicable. Pearson correlation coefficients were calculated in the AS group to study the relationship between EPC population and other disease parameters. Multivariate linear regression analyses were performed where the univariate p value was < 0.005. Statistical significance was assumed when a null hypothesis could be rejected at p < 0.05. Statistical analysis was performed using Sigmastat 5.5 for Windows 7 (Systat Software, San Jose, CA).
Results
Clinical Characteristics
The AS and healthy control groups were well matched with respect to age, sex, arterial blood pressure, lipid levels, and similar nonobese BMI (►Table 1). Accordingly, there were no differences in measures associated with obesity and, systolic blood pressure or serum lipid profile. The majority of AS patients had the long-standing disease (9.17 AE 6.87 years) and the BASDAI score was high (4.57 AE 1.91 [0. 6-5.8] 
Correlation with EPC Population and Endothelial Function, CIMT, Inflammatory Markers and Clinical Variables in AS Patients
In the current study, there was a significant positive relationship between EPC (CD34 þ /CD133 þ ) population and FMD 
Discussion
The present study aimed to identify the determinant of vascular function and atherosclerosis in patients with AS in the absence of conventional cardiovascular risk factors (obesity, hypertension, hyperlipidemia, diabetes, and smokers). We found statistically significant differences in EPC population, endothelial function, CIMT, and inflammatory markers (ESR, CRP, TNF-α, IL-6, and IL-1) in AS patients compared with the respective healthy control group. We also found a significant association between EPC and biomarkers of inflammation, vascular determinants (FMD and CIMT) and disease activity. To our knowledge, this is the first study to report a plausible association between EPC population and both endothelial function, subclinical atherosclerosis, and the interaction between various surrogate markers of increased cardiovascular risk in AS.
AS is characterized by chronic inflammatory disease associated with enhanced morbidity and mortality attributable to accelerated atherosclerosis. 15 Atherosclerosis is the leading cause of death in autoimmune rheumatic diseases. 16 EPCs are a unique population of bone-marrow-derived stem cells which have reparative potential in overcoming the endothelial damage and protect against atherosclerotic vascular disease.
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Impairment of EPC population is considered to have negative effects on the cardiovascular system and patients with a reduced number of EPCs are at an increased risk of endothelial injury and arteriosclerotic plaque development. 18 Recently, we have demonstrated depleted EPC population in AS. 19 Risk factors or surrogate markers recognized today in the pathogenesis of atherosclerosis and cardiovascular disorders are endothelial dysfunction, CIMT, and biomarkers of inflammation (CRP, IL-6, TNF-α, IL-1). 5, 14, [20] [21] [22] [23] An altered EPC level and association between EPC and susceptibility to cardiovascular events has been discovered in various conditions associated with vascular disease such as diabetes, rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), systemic sclerosis, antineutrophil cytoplasmic antibody-associated vasculitis (AAV), coronary artery disease, and hypertension.
24-27
In the current study, we determined EPC (CD34 þ /CD133 þ ) population and found a significant reduction in EPC population in AS patients in absence of traditional cardiovascular risk factor. This finding is consistent with the idea that traditional risks by themselves, including smoking, hypertension, diabetes, obesity, and elevated lipid levels described in RA, were not sufficient to explain the increased CV risk.
28
Here, we also extend the findings of altered EPC population by assessment in relation to functional measures of endothelial dysfunction and biomarkers of atherosclerosis. Several studies have shown that the occurrence of endothelial dysfunction in AS may be associated with the clinical expressions of atherosclerosis. 20, 21 Endothelial dysfunction, in turn, is a key early event in atherogenesis and an independent predictor of CVDs appearing long before the formation of structural atherosclerotic changes. 29 Measurement of IMT has been established as a clinically useful index for identifying earlystage atherosclerosis. 30 The common carotid artery IMT strongly correlates with the presence of coronary artery disease. 31 In our study, we found an underlying trend of increased IMT in the AS group as compared with matched controls. This finding is consistent with the increased incidence of subclinical atherosclerosis seen in AS patients.
5,32
FMD measurement positively correlated with CD34 þ /CD133 þ population, a correlation which persisted after multivariate regression analysis suggesting that depleted EPC population may be an early determinant of endothelial injury in AS. We also found a univariate relationship between CIMT and EPCs in the AS group. A previous study in middle-aged general population did find a significant correlation between EPC number and CIMT. 33 However, FMD and CIMT may be looking at different parts of the same pathway of arterial wall damage, the former perhaps abnormalities of function and the latter early structural change, indicating that depleted EPC population represents at the same time a pathogenic step of atherogenesis and a biomarker of cardiovascular risk.
Biomarkers of inflammation such as ESR, CRP, TNF-α, IL-6, and IL-1 are increased in people at risk of CVD. 34 Previous studies have suggested that inflammatory biomarkers are increased in people with rheumatic diseases. 5, 14 Here, those observations have been extended by finding increased levels of ESR, CRP, TNF-α, IL-6, and IL-1 in AS patients than healthy controls. In the present study, negative univariate correlations were found between EPC population and CRP, TNF-α, IL-6, disease activity as measured by BASDAI, and disease duration suggesting inflammation promotes EPC depletion in AS and might therefore be involved in increased vascular dysfunction and atherosclerosis in AS. Correlation between EPC alteration and disease activity appears to be complex. While EPCs in RA negatively correlate with disease activity, EPC depletion also occurs in young RA patients with low disease activity and proven endothelial dysfunction. 14, 35 In addition, a negative correlation of EPCs with systemic lupus erythematous disease activity (SLEDAI) has been documented in SLE patients.
36
However, research regarding EPC biology in AS is evolving and such a relationship has not yet been reported in AS.
In the present study, in multivariate analysis, CRP, TNF-α, and FMD were significantly correlated found to be the independent predictor of decreased EPC. Wang et al demonstrated a high level of CRP negatively correlated with reduced number of EPC and suggested that CRP plays an important role in reducing the number of EPCs, angiogenic function, and accelerating atherosclerosis. 37 It has been shown that CRP has the potential to contribute to vascular damage and is a predictor of future CVD events by acting on EPC apoptosis, proliferation, and differentiation. 22, 38 CRP has emerged as one of the most important predictors of myocardial infarction, stroke, and vascular death in several settings. 34 CRP, however, is not only a marker but also a mediator of atherogenesis. 39 Amongst the relevant cytokines, TNF-α is considered a key player and has been shown to significantly affect EPC biology. TNF-α and its relation with EPCs has also been demonstrated in RA and this proinflammatory cytokine effects mobilization and differentiation of EPC. 35 Treatment with 25 to 50 mg prednisolone over 7 days and TNF-α inhibitor, infliximab, increased the EPC number in RA patients with concomitant improvement in disease activity.
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Similarly, immunosuppressant treatment of AAV resulted in increased level of EPCs.
40
Preventing premature CVD remains an important challenge in the management of patients with AS. There is no targeted therapy to reduce CVD in AS patients. There is great potential to utilize the homeostatic endothelial repair mechanisms to prevent the development of endothelial dysfunction, at a time point long before the development of the clinical disease or even appearance of atherosclerotic plaque. EPCs are a robust biomarker of vascular dysfunction, based on their direct interaction and influence on endothelial function and EPCs also provide a novel therapeutic and biomarker of response to treatment. To develop and implement these novel approaches, we must explore the EPC biology in greater detail to treat/cure CVD associated with rheumatic disorders.
Conclusions
We observed depleted EPC population in patients with AS compared with matched controls. The finding of decreased EPC population and their relationship with abnormal FMD, CIMT, and biomarkers of inflammation suggests that abnormalities of endothelial repair mechanisms could have an important role in the initiation or exacerbation of early vascular injury. Also worthy of further attention is the use of decreased EPC population as a potential novel approach to identifying those people with AS who are at risk of CVD and novel therapeutic target for preventing cardiovascular risk associated with endothelial dysfunction in AS.
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